UNITED STATES DEPARTMENT OF COMMERCE ^ - 
United States Patent and Trademark Office 

November 13, 2003 

TfflS IS TO CERTIFY THAT ANNEXED HERETO IS A TRUE COPY FROM 
THE RECORDS OF THE UNITED STATES PATENT AND TRADEMARK 
OFFICE OF THOSE PAPERS OF THE BELOW IDENTIFIED PATENT 
APPLICATION THAT MET THE REQUIREMENTS TO BE GRANTED A 
FILING DATE. 

APPLICATION NUMBER: 601410,766 
FILING DATE: September 13, 2002 

RELATED PCT APPLICATION NUMBER: PCT/US03/29160 




V\, 




^ By Authority of the 
. ^COMMISSIONER OF PATENTS AND TRADEMARKS 



.iv-'^ .'>/ 




PRIORITY 
DOCUMENT 

SUBMITTED OR TRANSMITTED IN 
COMPLIANCE WITH RULE 17.1(a) OR 
(b) 



M. SIAS 
Certifying Officer 



bo: 



in 

S 01 

= a 
|c: 
I in 

I'd 

= 1-4 
O 



Please a plus Stan (*) UisMb IHs boK 



pto/sb;i6 (10-01) 
Approved for usaHiroughlorai/2002 OMB 0651-0032 
U S Patent and Traaeira* Office- U S. DEPARTMENT OF COMMERCE 

UrterO«Papa««*ttedurtonA<lof1995.nope«onsfl«r«p*^ 

PROVISIONAL APPUCATION FOR PATENT COVER SHEET 

This is a re quest for ffllng a PROVISIONAL APPUCATION FOR PATENT under 37 CFR 1 J3 (e). 
\ Express Mail label No. EU140616005US \ 




INVENTOR(S> 



O 

Via 

o 



no 



GiVOT Name (first and middle pf any]) 



Govindarajulu 



Family Name or Surname 



Rajendran 



Residence 
(City and ather State or Foreign Country) 



o ^ 



Hockess!n. Delaware 



nAd(mjiialinventoi9 am being named on the separately numbered sheets attached hervto 



TITLE OF THE INVENTION (500 characters max) 



MEMBRANES FOR FUEL CELtIS 



Direct all correspondence to: 

3 Customer Number 
OR 



CORRESPONDENCE ADDRESS 



23906 



Type CustomBrNimAerHere 



* 23906* 



PATENrTRADEUAPK OFRCE 



n Fiimor 

Individual Name 




1 Address 




1 Address 








I City 




State 




ZIP 




1 Country 




Telephone 




Fax 





ENCLOSED APPLICATION PARTS (ciieclr all Iftal apply) 



IHl specification Wumfcero/Paflfes \ 17 \ 
EI OrastAnais) Number of Sheets I 4 t 
□ AppRcafion Data Sheet. See 37 CFR 1.76 



□ GD{s), Number 

□ Other (spedfy) 



METHOD OF PAYMENT OF FILING FEES FOR THIS PROVISIONAL APPLICATION FOR PATENT 



|~| Applicant claims small entity Status. See 37 CFR 1.27. 

□ A check or money order is enclosed to cover the filing fees 

13 The Commissioner Is hereby auttioiized to charge filing r „ ..a^a ' 
fees or credit any overpayment to Deposit Account Number | 04-1928 

□ Payment by credit card. Fomn PTO-2038 is attached. 



FILING FEE 
AMOUNT ($) 



160 



United States Government or under a contract wifli an agency of 



I The invention was made by an agency of the 
the United States GovemmenL 

El No, , , . 

□ Yes. the name of the U.S. Government agency and the Government contract niunoer are: . 



lot 



Respectfully subnMed. 



TYPED or PRINTED NAME Daphne Rd<es 



REGISTRATION NO. 
(If appropriate) 
Docket Number 



36.509 



TELEPHONE (302)892-1140 uoc.^.u^o.r }cL2000USPRV | 

imp OAII YPOR FILING A PROVISIONAL APPLICATION FOR PATENT 

S^.l^lf'S^riMo'^^MtS^lJ^ toSSTto^^ Apincaoon. CommlssK^cr for patents. 

Wasidnglon. D.C. 20231 . 



PTO/SB/17 (11-01) 
Approved for use through 10/31/2002. OMB 0651-OOM 
k US. Patent and Trademark Office U S OEPARTI^NT OF COMMERCE 

> -, ■ .^ ^^^^^^..'^''■-■-^-■^ ''^••^'^^ 

Complete !f Known J 



FEE TRANSMITTAL 
for FY 2002 

Patent fees a» sutfeet to anmat mvfslon 



□ /^pHcant Claims small entity status. See 37 CFR 1 .27 
TOTAL AMOUNT OF PAYMENT j («L ^ ^° 



Application Number 



Filing Pate 



First Named Inventor 



Examiner Name 



To Be Assigned 



September 13, 2002 



Group /Art Unit 



Attorney Oodcet No 



Govindaraiulu Rajendran 



Unknown 



Unknown 



CL2000 US PRV 



METHOD OF PAYMENT (check all iha t apply) 
□ Check □CiBlllcart □ Money Order □other □None 



^Oeiio^ Account 



Deposit 
Account 
Number 

Deposit 
Account 
Name 



04-1928 



E. L du Pont de Nemours and Company 



nieCommlsstonerlsaulhoitedto: (check aU that apply) 
H Charge fee{s) Indicated l»low El Credrt any overpayments 
EI Charge any additional fae(s) dunng the pendency of this ^cafion 
□ Charge fee(s) indicated below, except lor the flBng ffeo to the 
. atsove4dBnU9ed depoal account 



Fee Fee I Feo FOO 

Code (» I Code (S) 

105 130 1 205 65 

127 50 I 227 25 

139 130 I 139 130 

147 2,520 I 147 2^20 

112 920* I 112 920* 

113 1.840* I 113 1.840* 



FEECALCUUkTlON 



1. BASIC 
larflB Entity 

FM FM 
Code ($) 

101 740 
105 330 
107 SIO 
IDS 740 
114 160 



FILING FEE 



Small Entity 




F«e 


Fes 


p»H piweription 


Code 


(*) 




201 


370 


UUitylOlngtee 


206 


165 


Design filing fee 


207 


2SS 


Plant fling fee 


208 


370 


Rebsue filing f^e 


214 


80 


PravisianalfiRing 






SUBTOTAL (1) 



Fee Paid 



160 



FEE CALCUIATION (cont&med) 



3.AODrnONALFEES 
Lame Entity I Small Entity 



116 

lie 

117 

lie 

128 
119 
120 
121 
138 



110 
400 

820 
1/140 
1.G 
320 
320 
280 



215 
216 
217 
218 
228 
219 
220 
221 



55 

200 

460 

720 

980 

160 

160 

140 



($)ieo 



2. EXTRA CLAIM FEES 



Extra 
ClaimB 



Fee from 
below 



Fee 
Paid 



Total Claims 

Independent 
Claims 

Multiple 
Dependent 



-20 = 
-3 = 



X 



3 = 1 0 I 



84 



□ 



280 



Large Entity 


Small Entity 


Fee 


Fee 


Fee 


Fee 


Code 


(S) 


Code 


($) 


103 


18 


203 


9 


102 


84 


202 


42 


104 


280 


204 


140 


109 


84 


209 


42 


110 


18 


210 


9 



Pen Description 

Claims In excess Of 20 
Independent damns in excess of 3 
Midtlpla dependent claim, if not paid 
** Reissue IndependeiA claims over 
onginal patent 

" Reissue daims in excess of 20 and 
over original patent 



SUBTOTAL <2) 



($)0 



"orflumberprevfouslypart f greater. For Reissues, see above 



1.510 

110 
1.280 
130 
450 
520 
130 
SO 

126 180 I 126 



138 1.510 



140 
141 
142 
143 
144 
122 
123 



240 
241 
242 
243 
244 
122 
123 



55 
640 
640 
230 
310 
130 
50 

180 



991 40 I 561 40 

143 740 I 248 370 



149 



740 I 249 370 



170 740 I 279 370 
169 900 I 1S9 900 



Fee Description 

Suxharge - tale filing fee or oath 
Surcharge - lata provisionai flmg fee or 
cover sheet 

Non-English specfflcatton 
For fDing a request for leexandnalion 
Requesting pUtdleatlon of SIR pnor to 
Examiner action 

Requesdng publication of SIR alter 
Examiner actiwi 

Extension for reply within first month 
Extension for reply virftWn second month 
Extension for lepty within thinl month 
Extension for reply within fourth month 
Extension for reply within fifth month 
Notice of Appeal 

Filing a brief in support of an appeal 
Request for oral hearing 
PetiBon to inditute a public use 
proceeding 

Petition to revive - unavoidable 
Petition to mvlve — unSntentional 
Utifily Issue lee (or reissue) 
Design issue fee 
Plant issue fee 

PeHSons to the Comraisslaner 
Piocessing fee under 37 CFR 1 17(q) 
Submission of information Disdosuie 
Stmt 

Recording each patent assignment per 
property (hmes number of properties) 

Filing a submission after final reiecbon 
(37 CFR § 1.129(a)) 
For each addittonaJ Invention to ho 
examined (37 CFR § 1 129(b)) 

Request for Continued ExammaBon 
(RCE) 

Request for expedited exammabon of a 
design application 



Paid 



ether fee (speafy) 



•ReducedbyBasioFiltngFeePaldl SUBTOTAL(3) 



(5)0 



fSUBMITTEDBY 



I Name (PiMfType) 



Daphne Ficl<es 



/tegistraaonWftAftomajaMgenO I 38.509 



Telephone 


3028921140 


Date 





[ SjlgnatiUB 

WARNING: Information on this forni may become piimie. cieoii '^^^""^^Xl^a 

taduded on this form. Provide credit card Information and authoriiallon on PTO-2038. ^ „^ents 

Burden Hour Statement This fomi Is estimated to take 0.2 hours tacon^^te.T\nm ^*P^'^?^? vs!^^^^ S'lJlSk'^ce. wS^on, 
SS&.rEETTc^M'?^^^ 



15 



CL-2000 US PRV 

TITLE 

MEMBRANES FOR FUEL CELLS 
ppi n OF THE iMVFMTION 
This invention relates to membranes and their use in electrode 

5 assemblies (MEA) for fuel cells. 

pA^ ^fiRflUND ""^ THF INVENTION 
Fuel cells are devices that convert fuel and oxidant to elecMcai 
enemy Electrochemical cells generally include an anode elect««Je and a 
Thode electrode separated by an electrolyte. A well l«,own use of 
10 electrochemical cells is in a stack for a fuel cell that uses a proton 

excCgemembrane(hereafter-PEM-)astheelectrolyte. Insuchaceli. 
a Z^nt or reducing fuel such as.hydrogen is supplied to the anode 
el^ and an oxiLt such as oxygen or air is supplied to the cathode 
ritLde The hydrogen electrochemically reacts at a surface of the 
an^eLi^e I pr^uce hydrogen tons and electrons. The electrons 
are conducted to an external load circuit and then -turned to t^^~^ 
electrode, while hydrogen Ions transfer through the electrolyte to the 
c^e electrode, where they recomi^newith the oxidant'to produce 
water and release thermal energy. 

Most efiident fuel cells use pure hydrogen as the fuel and oxygen 
as the o)ddant. Unfortunately, use of pure hydrogen has a number of 

dtdvantages, not the least of which Is the relatively high cost, and 
considerations. Consequently, attempts have been made to 
operate fuel cells using other than pure hydrogen as the ft.dL 

For example, attempts have been made to use M^Sen-nch gas 
fixtures Obtained from steam reforming methanol as -^^^J^ ^ 
methanol fuel cell is a potentially attractive power souroe for vehicles and 
TtherTow to medium power applications such as unintermpSble power 
supplies and lawn mowers, in the military as well as the commercial 
30 s^ct^Benemstobederivedfromuseofmethanolfuelc^saspower 

sources include dramatic reductions in emissions of air pollutants 
reduction in the nation's dependence on "^^^"^^'^'""''^^ ^3 
methanol can be made from indigenous fuels such as coal and nah^ral gas 
Z also from renewable sources such as wood and bK«.ass. and an 
overall increase in vehicle energy efficiency. 

Methanol fuel cell systems cuTen«y under developraen u^ lo,^ 
temperature steam refdnnere in conjunction with fuel cell stecte to 
derate power from methanol in indirect systems. By".nd,recl it« 
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meant that methanol fuel is processed (by a reformer) before it .s 
introduced into the fuel cell stack. However, the system can be vastly 
simplified, and the overall system themial efficiency can be improved rf 
direct anodic oxidation of methanol is achieved at low polarization. A 
5 direct methanol fuel cell will also be preferred for vehicular applications 
because its weight, volume, start-up and load-following characteristics 
should be more attractive than the more complex indirect systems. 

One drawback to direct methanol PEMFC (DMPEMFC) is that the 
currently available PEM electrolytes do not totally exclude methanol. 
10 Instead, methanol permeates from the anode chamber of the PEMFC 

across the membrane, to the cathode catalyst, and reacts with reactant air 
(02). resulting in a parasitic loss of methanol fuel and reduced fuel cell 

voltage. Performance losses of 40-70 mV at a given current density have 
been observed at the cathode of PEMFCs with a direct methanol feed 

15 (Potie-Kamloth et al.. Abstract No. 105. Extended Abstracts. Vol. 92-2. Fall 
Meeting of the Electrochemical Society. 1992). Most recently. KQver et al. 
in J. Power Sources 52. 77 (1994) have observed a loss o^i^ le^^* ^^0 
mV for the air (O2) electrode when operated in a gas-feed DMPEMFC. 
This translates into an approximately 10% decrease in air (O2) cathode 

20 performance output as compared to a cell operating without direct 
methanol feed. To compensate for inefTiciencies due to methanol 
crossover. DMPEMFCs must be oversized, resulting in a larger, heavier 
and more expensive fuel cell. To be competitive, these parameters must 
be minimized. 
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Rl IMMARY OF THF INVENTION 
In accordance with the invention, there is provided a direct 



methanol fuel cell comprising: 

(a) a solid fluorinated polymer electrolyte membrane having an ion 
30 exchange ratio (IXR) of at least about 17. wherein the solid polymer 

electrolyte membrane has a first surface and a second surface; and 

(b) at least one catalyst layer present on each of the first and 
second surfaces of the solid polymer electrolyte membrane; wherein the 

' fuel cell is operated at a temperature of less than 60 ^C; and wherein the 
methanol cross-over rate is reduced by at least about 20 %: and the power 
output is equal to or increased up to about 16%. versus a fuel cell 
comprising a solid fluorinated polymer electrolyte membrane having the 
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same thickness, and an Ion exchange raiio (1XR) of about 15. TvpicaHy. 
he:uoHnatedpo,yn,erisape^uortna.edsuKon.cac«p..^er^^^^^ 

, duPont de Nemou. and Company under me t^ename of N^n^. 

,n this embodiment, the invention further pmvkles a d,«ct methanol 
i fue, ce«, Wherein the IXR is typK^ally about 17 to about 29. and more 
typically 19 to about 23. 

pmPF nPSCRI PTI"" THF nRAWINSS 
Fiaure 1 is a schematic Illustration of a single cell assembly. 
Figure 2 is a schematic illustration of a typical DMFC test station. 
,0 Bgure 3 is a graph showing the performance of a DMFC using 

mLb»nes having ion exchange «tios of 23 and 1 5 a. an operabng 
temperature of 28 *C. 

Rgure 4 is a graph sh««ing the perfom,ance of a DMFC using 
imbranes having ion exchange ratios of 23 and 1 5 at an operating 
1 5 temperature of 60 *C. 

nrrr ii rr r---=^'P"-">' "p ™^ \MBsm. 

n has been discovered that at operating temperatures of ess than 
• 60 -C ^fir^s than 55-C. more typically less than 60'C. stiil more 

l««STe2lt40»C, and most typically bafc«een 20 and 40'C. a direct 
,0 STa^^rf" ^"'B efficiency is signifcantly impi^ved by using an ion 

r:ngemem_ 

r^nCp rr..e;^"w*.-.nthemembrene^ 

M^ness and comprises a perfluorinated polymer having an an ,on 
thickness, ana H about 15. Methanol cross-over was 

r^trJCrJdtc^^Xoweroutput. Poweroutputisfound^obe 

thickness OT me n por a membrane having a thickness 

rrr2Sa^'a:rf2r...aneouiva,entweight(BW)of15^^^^ 
35 lu^ofabout75%lnme,hanolcress..vermaybeachieved. Fora 
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similar membrane having a thickness of about a ..duction of 

about 60% in methanol cross-over may be achieved. 
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'^'^^soHd fluorinated po^mer electrolyte membrane hav,ng an IXR 
of about 17 to about 29 comprises an ion exchange polymer that b 

a highly fluorinated ion-oKchange polymer. "High y fluonnated 
means that at least 90% of the total number of univalent aton« ,n tt-e 
roCera^lorine atoms. Most typically, the polymer is periluonnated. 
tl^^rpic^ri use in fue. cells for the polymer to have sulfonate .on 

TFE^ hexafluoropropylene. vinyl fluoride, vinyiidine fluonde. 

LLer may also have a side chain which does not interfere wrth the »n 
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exchange function of the sulfonate ion exchange group. Additional 
monomers can also be Incorporated into these polymers If desired. 
Typical polymers include a highly fluorinated. most typically a 

perfluorinated. carbon backbone with a side chain represented by the 
fonnula -(0-CF2CFR/)a-0-CF2CFR'/S03Y, wherein Rf and R'fare 
Independently selected from F, CI or a perfluorinated alkyi group having 1 
to 10 carbon atoms, a = 0, 1 or 2. and Y is H, an alkali metal, or NH4. The 
typical polymers include, for example, polymers disclosed in U.S. 
Patent 3,282.875 and in U.S. Patents 4,358.545 and 4,940,525. One 
typical polymer comprises a perfluorocarbon backbone and the side chain 
is represented by the formula -O-CFaCFCCFa^O-CFzCFaSOaH. 
Polymers of this type are disclosed in U.S. Patent 3,282,875 and can be 
made by copolymerizatlon of tetrafluoroethylene (TFE) and the 
perfluorinated vinyl ether CF2=CF-0-CF2CF(CF3)-0-CF2CF2S02F. 
1 5 perfluoro(3.6-dioxa-4-methyl-7-octenesulfonyl fluoride) (PDMOF). followed 
by conversion to sulfonate groups by hydrolysis of the sulfonyl fluoride 
groups and ion exchanging to convert to the acid, also known as the 
proton form. One typical polymer of the type disclosed In U.S. 
Patents 4.358.545 and 4.940.525 has the side chain -O-CF2CF2SO3H. 
20 This polymer can be made by copolymerization of tetrafluoroethylene 
<TFE) and the perfluorinated vinyl ether CF2=CF-0-CF2CF2S02F, 
perfluoro(3-oxa-4-pentenesulfonyl fluoride) (POPF). followed by hydrolysis 

and acid exchange. 

For perfluorinated polymers of the type described above, the ion 

25 exchange capacity of a polymer can be expressed in terms of ion 

exchange ratio C'lXR"). Ion exchange ratio is defined as number of carbon 
atoms in the polymer backbone in relation to the ion exchange groups. A 
wide range of IXR values for the polymer Is possible. Within the range of 
less than about 33, IXR can be varied as desired for the particular 

30 application. The ion exchange capacity of a polymer is often expressed in 
terms of equivalent weight (EW). For the purposes of this application, 
equivalent weight (EW) Is defined to be the weight of the polymer in acid 
form required to neutralize one equivalent of sodium hydroxide. In the 
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case of a sulfonate polymer ««here the polymer has a periluoroeartx,n 
:::le:na.hes,aecha,n.-O.P2.CP(Cr3)^Fa.^^^^^^ 
salt thereof), the equivalent weight range which corresponds to an XR of 
lut 17 to about 29 is about 1200 EW to about 1800 EW. TypK«l.y *.e 
polymer has an EW of 1 500 corresponding to an iXR of 23. .XR for*,s 
polymer can be related to equivalent weight using thelormula: 60 IXR 
344 = EW While the same IXR range is used for sulfonate polymers 
disclosed in U.S. Patent Nos. 4,358.545 and 4.940.525. e.g.. the polymer 
having the side chain -0-CF2CF2S03H (or a saH thereof), the e^uivaten. 
^ight is somewhat lower because Of melowern»lecularwe,go^^ 

monomer unit containing a cation exchange group. For the prefe^ .XR 
range of about 17 to about 29. the corresponding equivalent we.ght range 
is about 1028 EW to about 1 628 EW. IXR for this polymer can be related 
to equivalent weight using the fomiula: 50 IXR + 178 = EW. 

,n addition, «.e membrane may be made of a blend of two or more 
polymers such as t«o or more highly fluorinated polymers having drfferent 
ion exchange groups and/or different ion exchange capacrt.es^ 

The thickness of the membrane can be varied as desired for a 
particular electrochemical eel, application. Typically, the micKness of the 
, Lmbr3ne.generallylessthanabout250,m,prefe.b.y.nthe.n^^^^^ 
about 25 pm to about 150 pm. When the membrane ,s a mono^rthic h«h 
IXR membrane, thickness is preferably no more than about 100 pm^ 
The membrane may optionally include a porous support for the 
purposes of improving mechanical properties, for decreasing cost ancfcr 
5 o««rreasons. The porous support of the membrane may be made fn,m a 
rerangeofcomponents. The porous support of «,e present ,nventK,n 
X be Ide f.m a hyd^carbcn such as a po,yole«n. e.g.. poly^^^e. 
polypropylene, polybutyiene, copolymers of those matenals, and the Uke^ 
Telk^enated polymers such as polychlorotrifluoroethylene may also be 
JO used For resistance to them.al and chemical degradaBon. the support 
preferably is made of a highly fluorinated polymer, most preferably 
perfluorinated polymer. 
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^ Forexamplcthepolymerfortheporoussuppoftcanbea 

microporous film of polytetrafluoroethylene (PTFE) or a copolymer of 
tetrafluoroethylene wfth 

CF5=CFC,F^^.,<"=1 ^° °^ 

5 

{m = 0to15,n = 1to15). 

Lc«>po«,us FTFEfllms and sheeting a« knov«, which are surtable 
,oruseasasupport.ayer. For exan,^.. U.S. Pa.n. 3,6^ 915 discuses 
uniaxially stretehedfnm having at least 40% voids. U.S. Patents 
,0 37^,566, 3,962.153 and 4.187.390 disdose po^us PTFE fiin^ hav,ng at 

'^^"™I::Lv.thepo,oussupponn,avhea.ah.on,ade.ro,n«he. 
of the polymers discussed at»ve woven using various weaves such as the 
plain weave, baske* weave, leno weave, or ottiers. 

A membrane can be made using the porous support by coating the 

support so that the coating is on the outsKie surfaces --^^^^''^ 

a solvent which is not harmful to the polymer of the support ""der tt-e 
™1L condmons and which can fom, a thin, «ven <»atng of the 
^ e polymer on the support For exam^e^a^^^^^ 

. Turii-:::^--^^^^ 

l^ Ji sufficient amount of a polar organic solvent can be used. The 

embedded type and the pTFE-flbrii dispersed type dispersed u»n 
30 an ion^xchange resin as disclosed in 2000 Fuel Cell Seminar (10/30 to 
1 1/2 2000. Portland. Oregon, USA) Abstracts p-23. 

' Whie the general fon^uiae above are representative of groups of 
polymers they are not intented to limit the scope of the invention. 
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'^showninRgurel.^eft.e.cencompHsesacata.y^coa^^^^^ 

„en,brane (CCM, (10) in com«na«on ^ a gas <^^'-^^^°'' 
,13) to fonn an unconsolidated membrane electmde assembly (MEA). 
Z Im coated memb^ne (1.) compd^s a ion e^olymer 
Tembcane (11, discussed above and catalyst .aye. or electmdes (12, 
fonned from a electrooatalyst coating oomposibon 

r-.-rfti yqT '''-'"1=" mrMBRANE (CCM): , 

manutacturBWhK*. 

apply an e,eC«>ca.a.yst coating composiUonsimnartothatdescr*^ 
aboLnto the solid fluorinatedpo^mer electrolyte memb.ane.S^ 

Known methods include spraying, painting, patch coa^ng and sc«en. 

riftcal oad or flexographic printing. 

■:oneembod.mentoftheinventK.n>eMEA(30,rnayb^^^^^^^ 

bv thermally consolidating the gas diflusion backing (GDB, wrth a CCM at 
:CLLo,under200»C.prefe,.b,y140.160.C.TheCCM^^^ 

of any type Known in the art. in this embodiment, an MEA 
Lprises a solid polymer electrolyte (SPE) membrane w* a th,n 
"it- binder layer disposed thereon. The catalyst may be sup^ 
Lcally on carbon) or unsupported. In one method of 
'Ilt f-m is prepared as a decal by spreading the -ta^ ^ 
..ease subst^te such as Kapton® polyimlde «lm (ava,lable f «.m *e 
DuPont company). After the inK dries, the decal is '-^^"^ 
surface of the SPE membrane by the application of pressure and hea^. 

by removal of thereieasesubstratetot^rma^iy^™*^^^^^^ 

n^mbrane (CCM) with a catalyst layer having a -"^'^ J 

catalyst distribution. Alternatively, the catalyst layer .s 

Trlbrane. such asby panting, andthenthec^^fli-sdnedata 

-^n temDerature not greater than 200 C. 

The CCM. «,us fomned, is then combined with a GDB to form *e 
MEA of the present invention. The MEA is fom,ed, by iayenng the CCM 
anTthe GD^. ^ by consolidating the entire etn«*..e in a s»^ie ^ep 
Z lm to a temperature no greater than 200«C. preferably .n the range 
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of 140.160»C, and applying pressure. Both sides of tt« MEA can be 
formed In the aan» manner and sim««ancous.y. Also. *e ccm,pos,.»n 
of the catalyst layer and GDB could be different on opposrte sides of the 
membrane. 

FXAMPLES 

eSMXr^^f 3p^^„ p^pared In a Bge,^ bead mil,, 
manufactured by Elger Machinery Inc.. Grayslake, IL 60030. containing 80 
ml 1 0-1.25 micron zirconia grinding media. 105 grams Platinum black 
catalyst powder (obtained from Colonial Metals. ElWon, MD> and 336 
grams of 3 5wt% Naflon'^ solution (the polymer resin used in such a 
solution was typically of 930EW polymer and was in the suKbnyl fluonde 
fom,) were mixed and charged into the mill and dispersed for 2 houra. 
Material was withdrawn from the mill and particle size was measured. The 
15 ink was tested to ensure that the particle size was under 1-2 micron and 
the % solids in the range of 26%. The catalyst decal was prepared by 
drawing down the catalyst Ink to a dimension of 5 cm x 5 cm (to give a 
total area of 25 cm=) on a 10cm x 10cm piece of 3 mil thick Kapton 
polyrtde film manufactured by E.l. duPont de Nemours & Co.. 
20 Wilmington, DE. A wet coating thickness of 5 mil (125 mK=,ons) typ^lly 
rLLacatalyst.oadingof4to5mgPt/cm^.n.hef.na,CCM. ^ 

decals were prepared using a procedure similar to that descnbed above, 
exceptthat in the catalyst dispersion, the Platinum black catalystwas 
replaced by a 1 :1 atomic raUo Platinum/Ruthenium black catalyst powder 
25 (Obtained from Johnson Mathey NJ). The CCM was prepared by a de^l 
Lsfer method. A piece of wet Naf,on« N1 17 membrane (4" x 4") m *e 
fom, was used for CCM preparation. The membrane was sandwiched 
between two anode and cathode catalyst coated decals. Care was taken 
to ensure that the coatings on the two decals were registered w«h each 
30 other and were posittoned facing the membrane. The entire w^ 
introduced between two preheated (to 146C) 8" x 8" plates of a hydraulic 
press and the plates of the press were brought together without wasting 
much time until a pressuie of 5000 lbs was reached. The sandwich 
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assembly was kept under pressure for ~2mins and then the press In 
cooled for ~2mlns (viz., till it reached a temperature of <60''C) under same 
pressure. Then the assembly was removed from the press and the 
Kapton® films were slowly peeled off from the top of the membrane 
showing that the catalyst coating had been transferred to the membrane. 
The CCM was Immersed in a tray of water (to ensure that the membrane 
was completely wet) and carefully transferred to a 2dpper bag for storage 
and luture use. 



10 Chemical treatment of CCMs 

The CCMs were chemically treated In order to convert the ionomer 
in the catalyst layer from the -SO2F fonm to the proton -SO3H form. This 
requires a hydrolysis treatment followed by an acid exchange procedure. 
The hydrolysis of the CCMs was carried out in a 20 wt% NaOH solution at 

1 5 80°C for 30min. The CCM's were placed between Teflon® mesh, 

manufactured by DuPont, and placed in the solution. The solution was 
stin-ed to assure uniform hydrolyses. After 30 minutes in the bath, the 
CCM's were removed and rinsed completely with fresh Dl water to remove 
all the NaOH. 

20 Acid exchange of the CCMs that were hydrolyzed in the previous 

step was done in15 wt% Nitric Acid Solution at a bath temperature of 65«C 
for 45 minutes. The solution was stirred to assure uniform acid exchange. 
This procedure was repeated in a second bath containing 15 wt% Nitric 
acid solution at BS^C for another 45 minutes. 

25 The CCMs were then rinsed in flowing Dl water for 1 5 minutes at 

room temperature to ensure removal of all the residual acid and finally in a 
water bath at 65*>C for 30 minutes. They were then packaged wet and 
labeled. The CCM (10) comprised a Nation® perfluorinated ion exchange 
membrane (11): and electrodes (12), prepared from a platinum/ mthenium 

30 black catalyst and Nafion® binder on the anode side, and a platinum black 
catalyst and Nafion® binder on the cathode side. 



Example 1 : 
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A 7 mil Nafion* membrane having an IXR of 23 (EW of 1 500). was 
evaluated for fuel cell peribnnance and methanol croes^r 
employing a membrane elect™de assembly (MEA) of the type depK^ted ,n 
Figure 1 A catalyst coated membrane (CCM) prepared as descnbed 
5 above was loosely attached In a single cell haoiwara (purchased from 
Fuel cell Technologies, Los Alamos, NM) with ELAT™ carbon cloths, 
purchased f«.mE-Tek.Natick. MA on Pt-Ru black electrode side 

(mic™po«>us layer coated on single side a,^ facing the catalyst layer) and 
Pt black electrode side (micmporous layer coated on double side and thick 
10 layer facing the catalyst layer). The active araa of the single cell ha«lware 
was 25 cm^ The cell assembly was attached to the fuel cell test 
equipment. 

Fuel cell perfomiance was evaluated using the following procedure: 
Figure 1 schematically illustrates a single cell assembly. Fuel cell test 
15 measurements were made employing a single cell test assembly obtained 
from Fuel Cell Technotogies Inc. New Mexico. As shown in Figure 1 . the 
MEA (30) comprised the CCM (10) sandwiched between two sheets of the 
GDB (13) (taking care to ensure that the GDB covered the catalyst coated 
area on the CCM). The anode and cathode gas dlffuston backings (13) 
20 were ELAT gas diffusion backings with microporous layer coated single 
side in the case of anode GDB and double sWe microporous layer coated 
for cathode sWe which is purchased from E-Tek Inc.. NaHck. MA. The 
microporous layer was disposed toward the catalyst side. A glass fiber 
reinforced silicone mbber gasket (1 9) (Furan - Type 1007, obtained fto-r, 
25 stockwell Rubber Company), cut to shape to cover the exposed area of 
the membrane of the CCM, was placed on either side of the CCM/GDB 
assembly (taking care to avoid overlapping of the GDB and the gasket 
material) The entire sandwich assembly was assembled between the 
anode and cathode flow fleld graphite plates (21 ) of a 25cm standard 
30 single cell assembly (obtained from Fuel Cell Technologies inc.. Los 
Alamos NM). The test assembly shown in Figure 1 was also equipped 
with anode inlet (14), anode outlet (15). cathode gas inlet (16), cathode 
gas outlet (17). aluminum end blocks (18), tied togetherwith tie rods (not 
Shown), electdcally Insulating layer (20), and gold plated current collectors 
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(22). The bolts on the outer plates (not shown) of the single cell assembly 
were tightened with a torque wrench to a force of 1 .5 ft.lb. 

The single cell assembly was then connected to the fuel cell test 
station, a schematic illustration of which is shown in the Figure 2. The 
5 components in a test station include a supply of air for use as cathode gas 
(41); a load box to regulate the power output from the fuel cell (42); a 
MeOH solution tank to hold the feed anolyte solution (43); a heater to pre- 
heat the MeOH solution before it enters the fuel cell (44); a liquid pump to 
feed the anolyte solution to the fuel cell at the desired flow rate (45); a 
10 condenser to cool the anolyte exit from the cell from the cell temperature 
to room temperature (46) and a collection bottle to collect the spent 
anolyte solution (47).. The cathode exit gas Is typically fed through a gas 
analyzer (48) (Model VIA 510. Horiba Instalments Inc., USA Horiba. ) to 
determine quantitatively the amount of CO2 that Is being fomned at the 
15 cathode as a result of oxidation of methanol that penmeated through the 
membrane. 

With the cell at room temperature, 1M MeOH solution and air were 
introduced into the anode and cathode compartments respectively through 
Inlets (14) and (1 6) of the cell at the rates of 5cc/min and 500 cc/min 
20 respectively to the anode and cathode compartments. The temperature of 
the single cell was slowly raised till it reached 28°C. Typically, a cunrent- 
voltage polarization cun^e was recorded. This comprised of recording the 
current output from the cell as the voltage was stepped down In 50 mV 
steps starting from the open circuit voltage(OCV) down to 0.15 V and back 
25 up to OCV. The voltage was held constant in each step for 20 seconds to 
allow for the cun-ent output from the cell to stabilize. 

An aqueous solution of 1 M methanol was passed over the anode 
side and ambient pressure air at room temperature was passed over the 
cathode side. The cell was heated to 28 °C. The current flowing across 
30 the cell which was a measure of the fuel cell perfonnance was measured 
and recorded by scanning the potential from 0 volt to 0.8 V. The cell power 
density (WW) is another perfomiance measure, which was calculated 
from the equation, Power Density = Cell current density x Cell voltage. 
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AS a centre., a similar measu— was done using a Nafion® 
N117 membrane manufactured by DuPont. The data is shown in F« 3. 

M^annl Cros' ""termination: 

^'i^'-^;;;;;;;,;;^^^ of methanol «,.ough the 

membrane was detem.ined by measuring the CO. that exited the cathode 
n *e help of an infrared (.R) gas analyzer. Methanol transported 
rcLthemembranew3scomplete,yo.di.dtoCO.intHep^^^^^ 
O, at the cathode. A Non-Dispersive Infrared Analyzer (Model VIA 510. 
H : rrnIments,nc..USA)wasusedtomeasuretheCO.<,uant«a^e.v 
ithe cathodicexH gas stream. The same e<,uipmentandexpenm^^^^^ 

cond«ions described above were employed to determ,ne the methanol 
:^er. Thevo.umepercento.CO.measu,edasabovewasconver.ed 
r^W^ent crossover current densMes-TandlOmilthicKmernbranes 

as shL in Table 1 were chosen for this study. The CO. conten for a 
^ard Naflon. membrane (N1 17) was also measurad as a con^ol. The 
methanol cn,ssover data .br«,e membranes of the invenUon relative to 
Nafion®N117 are reported in Table 1 . 



I T^wTTrwiithanol Crossover Currentbensity 


Membrane 


Relative 
Methanol 
Crossover (%) 


Wietnanoi 
Crossover 
Reduction (%) 


N117 
(Tmil, IXR=15) 


100 




7mil,IXR=2a 


40 


60% 


10 mil. \XR=^ ^<i 


25 


75% 



^^^™^xample 1 was repeated with the following exception: the cell 
temperature was raised to 38 »C. The data are shown in Table 2. 



25 
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Table 2 




A 6 0 mil Naflon- membrane having an 1XR= 23 (EW of 1500) 
5 was evaluated for fuel cell pe*m,ance and methanol c«,8s<.ver in a c^l 
employing a membrane electrode assembly (MEA) of «,e.ype dep,«^ >n 
Figure 1 A catalyst coated membrane (COM) prepared as descnbed 
above was loosely attached in a single cell hardware (purchased from 
Fuel eel, Technologies, Los Alamos. NM) with a plain Zoltek ^.bon doth 
10 (purchased,rcmZo.tekCorpora«on,StUuis.MO)faclngPt-RuWa* 

electrode side and ELAT™ carbon doth, purchased f^m E-Tek, NatK*. 
MA (microporous layer coated on single side and facing the cataly^ayer) 
on Pt black electrode side. 1M MeOH (25cc/min) was fed in the anode 
side and 3000 cdmin air was fed Into the cathode chamber and the cell 
15 was heated to 60°C In the test equipment described above. The 

;:ormancewasrecordedasdetailedn,theexample1.wh«..sh»^n 

Figure 4. Although me membrane (6mil. IXR = 23. 1500EW) reduces the 
.nethanol crossover compared to the Nafion«, N1 17 membrane, it del«ers 
poor power density as a result of higher membrane resistance at 60 C. 

20 
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CL-2000 US PRV 

CLAIMS 

What is claimed is: 

1 . A direct methanol fuel cell comprising: 
(a) a solid fluorinated polymer electrolyte membrane having an ion 
5 exchange ratio (IXR) of at least about 17. wherein the solid polymer 
electrolyte membrane has a first surface and a second surface; and 
(b) at least one catalyst layer present on each of the first and second 
surfaces of the solid polymer electrolyte membrane; wherein the fuel cell is 
operated at a temperature of less than 60 "C; and wherein the methanol 
10 cross-over rate is reduced by at least about 20 %; and the power output is 
equal to or increased up to about 15%. versus a fuel cell comprising a 
solid fluorinated polymer electrolyte membrane having the same 
thickness, and an ion exchange ratio (IXR) of about 15. 

2. The direct methanol ftiel cell wherein IXR is 17 to 29. 
15 3. The direct methanol fuel cell of Claim 2. wherein IXR is 19 to 23. 

4. The direct methanol fuel cell of Claim 3. wherein IXR is 23. 

5. The direct methanol fuel cell of Claim 1 . wherein the 
temperature is about 50 to about 55 *C. 

6. The direct methanol fuel cell of Claim 1 , wherein the 
20 temperature is about 40 to about 50 "C. 

7. The direct methanol fuel cell of Claim 1 , wherein the 
temperature is about 20 to about 40 "C. 

8. The direct methanol fuel cell of Claim 1, wherein the power 
output is increased by about 5 to about 15%. 

25 9. The direct methanol fuel cell of Claim 8. wherein the power 

output is increased by about 10 to about 15%. 

10. The direct methanol fuel cell of Claim 1 . wherein the thickness 
of the membrane is 175ii. the IXR Is 23. and methanol cross-over rate is 
reduced by 60%. 

30 11. The direct methanol fuel cell of Claim 1 . wherein the thickness 

of the membrane is 250^. the IXR is 23. and methanol cross-over rate is 
reduced by 75%. 
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12. The direct methanol fuel cell of Claim 1 wherein the solid 
fluorinated polymer electrolyte membrane is a perfluorinated polymer. 

13. The direct methanol fuel cell of Claim 12 wherein the 
perfluorinated polymer.comprlses a carbon backbone and at least one 

5 side chain represented by the fomnula -(OCF2CFRf)a-OCF2CFR'fS03Y. 
wherein Rf and R'f are independently selected from F. CI or a 
perfluorinated alkyi group having' 1 to 10 carbon atoms, a = 0, 1 or 2, and 
Y is H, an alkali metal, or NH4. 

14. The direct methanol fuel cell of Claim 12 wherein the 

1 0 perfluorinated polymer comprises a cariaon backbone and at least one 

side chain represented by the fomnula -0-CF2CF2S03H. or a salt thereof. 

15. The direct methanol fuel cell of Claim 13 wherein the polymer 
has an IXR of about 17 to about 29. 

16. The direct methanol fuel cell of Claim 14 wherein the polymer 

15 has an IXR of about 17 to about 29. _ 

17. The direct methanol fuel cell of Claim 15 wherein the polymer 

has an IXR of about 23. 



20 
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CL-2000 US PRV 



# 



TITLE 

MEMBRANE FOR FUEL CELLS 
ABSTRACT 

The Invention provides a direct methanol fuel ceil comprising: 
5 (a) a solid fluorinated polymer electrolyte membrane having an ion 

exchange ratio (IXR) of at least about 17, wherein the solid polymer 
electrolyte membrane has a first surface and a second surface; and 
(b) at least one catalyst layer present on each of the first and second 
surfaces of the solid polymer electrolyte membrane: wherein the fuel cell is 
10 operated at a temperature of less than 60 °C; and wherein the methanol 
cross-over rate is reduced by at least about 20 %: and the power output is 
equal to or Increased up to about 15%. versus a fuel cell comprising a 
solid fluorinated polymer electrolyte membrane having the same 
thickness, and an ion exchange ratio (IXR) of about 15. 
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